Substrate specificity of Fpg protein. Recognition and cleavage of oxidatively damaged DNA.
The 8-oxoguanine-DNA glycosylase of Escherichia coli, also known as formamidopyrimidine-DNA glycosylase (Fpg protein), has N-glycosylase and AP-lyase activities. This enzyme repairs oxidative DNA damage by efficiently removing formamidopyrimidine lesions and 8-oxoguanine residues from DNA. Defined oligodeoxynucleotides containing various 8-oxopurines were used to examine the substrate specificity of Fpg protein and to establish the role of functional groups in DNA on damage recognition and catalysis. Binding affinities of Fpg protein were established for duplex oligodeoxynucleotides containing 8-oxo-2'-deoxyguanine, 8-oxo-2'-deoxyadenine, 8-oxo-2'-deoxynebularine, 8-oxo-2'-deoxyinosine, abasic sites, and a ring-open adduct of C8-aminofluorene guanine. The C8 keto group of 8-oxodG:dC presents in the major groove and is correlated with tight binding (Kd = 8.9 nM). Binding is much weaker when the C8 keto functional group is in the minor groove, as in 8-oxodG:dA (Kd = 340 nM). Km and Vmax were determined for the cleavage reaction. Specificity constants (Kcat/Km) are consistently higher for oligodeoxynucleotide duplexes containing 8-oxopurines with C6 and C8 keto groups, as in 8-oxodG:dC and 8-oxodI:dC, where Kcat/Km are 9.3 and 18 min-1 nM x 10(-3), respectively. 8-oxodN:dC lacks the C6 keto group; the specificity constant is 0.024 min-1 nM x 10(-3). Taken together, our data suggest that the C8 keto group of 8-oxodeoxyguanine and the carbonyl moiety of formamidopyrimidine enable Fpg protein to recognize and bind duplex DNA containing these modified bases. An enzyme-catalyzed reaction involving the C6 keto group of the substrate leads to removal of these lesions. A mechanism involving protonation at O-6 of 8-oxoguanine is proposed to account for the N-glycosylase activity of this enzyme.